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Abstract 

The effects of nuclear medium on the residue, mass and self energy of the positive 
and negative parity E, A and S hyperons are investigated using the QCD sum rule 
method. In the calculations, the general interpolating currents of hyperons with an 
arbitrary mixing parameter are used. We compare the results obtained in medium 
with those of the vacuum and calculate the shifts in the corresponding parameters. It 
is found that the shifts on the residues in nuclear matter are over all positive for both 
the positive and negative parity hyperons, except for the positive parity E hyperon 
that the shift is negative. The shifts on the masses of these baryons are obtained to 
be negative. The shifts on the residues and masses of negative parity states are large 
compared to those of positive parities. The maximum shift belongs to the residue 
of the negative parity A hyperon. The vector self-energies gained by the positive 
parity baryons are large compared to the negative parities’ vector self-energies. The 
maximum value of the vector self-energy belongs to the positive parity E hyperon. 
The numerical values are compared with the existing predictions in the literature. 
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1 Introduction 


The study of in medium properties of hadrons constitutes one of the main research directions 
in QCD. It helps us gain valuable knowledge on the structure of dense astrophysical ob¬ 
jects like neutron stars, QCD phase diagram, as well as perturbative and non-perturbative 
natures of QCD. The investigation of in-medium hadronic parameters can also help us in 
analyzing the results of heavy ion collision experiments. The effects of nuclear medium on 
nucleon parameters have been widely investigated in the literature [1-5]. But, there are a 
few number of works dedicated to the study of these effects on the properties of strange 
members of the octet baryons. It is well known that the nucleons are affected by the nuclear 
medium considerably [5]. As E, A and S hyperons have also u and d quarks content their 
inside, it is expected that their parameters are also affected by the medium. The investi¬ 
gation of hyperons in nuclear medium and the comparison of the results with the nucleons 
can helps us to determine the order of 51/(3)/ violation in medium. The predictions of 
the scalar and vector self-energies of these particles can also provide valuable information 
on the scalar and vector in-medium couplings of these particles. In [6], the authors study 
the self-energies of the A hyperon in nuclear medium using the finite-density QCD sum 
rules. Their calculations show that the vector and scalar self-energies of the A hyperon are 
substantially smaller than the corresponding nucleon self-energies. In [7], the authors apply 
the same method to investigate the self-energies of the E hyperon propagating in nuclear 
matter. They find that the Lorentz vector self-energy of E is similar to that of the nucleon. 
They show that the magnitude of Lorentz scalar self-energy of the E hyperon is close to 
the corresponding value of the nucleon; although it is sensitive to the strangeness content 
of the nucleon and to the density dependence of certain four-quark condensate. In [8], the 
authors consider mass shifts for the baryon octet using a model independent approach to 
baryon-baryon interactions based on the chiral perturbation theory. In [9], the authors have 
applied the chiral quark-meson coupling (CQMC) model by including the effects of gluon 
and pion exchanges to study the properties of hyperons in a nuclear matter. In [10], S. R. 
Beane et al. use nE _ scattering phase shifts to quantify the energy shift of the E _ hyperon 
in dense neutron matter. 

In the present work, we extend the above mentioned studies by including the negative 
parity hyperons. In particular, we use the QCD sum rule approach to calculate the shifts on 
the residues, masses and the self energies of E, A and 5 hyperons due to the nuclear medium 
for both positive and negative parities. We use the most general form of the interpolating 
currents of these baryons and try to find reliable region for the general parameter entering 
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the interpolating fields. We compare the results obtained with existing predictions in the 
literature for the positive parity hyperons. 

The article is organized as follow. In section 2, we obtain QCD sum rules for the 
residues, masses and self energies of the E, A and H hyperons in the nuclear matter. Section 
3 is devoted to the numerical analyses of the sum rules and the comparison of the results 
with the existing predictions as well as with the vacuum results. Section 4 contains our 
concluding remarks. 

2 In-medium QCD sum rules for the residues, masses 
and self energies of hyperons 

To obtain the QCD sum rules for the residues , masses and self energies of E, A, 5 hyperons 
in the presence of nuclear matter, the starting point is to consider the following two-point 
correlation function: 

n(p) = * J d^xe ip ' x {^o\T[J H (x)J H ( 0 )}\'^o) l ( 2 . 1 ) 

where p is the four momentum of the hyperon, |^o) is the nuclear matter ground state 
and the subindex H is used for the E, A, 5 hyperons. Here J# is the related interpolating 
current coupling to both the positive and negative parities. The general form of Ju for the 
corresponding baryons are taken as [11,12] 

1 2 

Mx) = ~—=e abc Y^ ^u T ' a (x)CA{s b (x)^Al 2 d c (x) - (d r ’ c (x)CA\s b (x) S ) A> a (x)], 

V i= 1 

. 2 

J A (x) = —=e a bc ^ [2 (u T,a (x)CA\d b (x) S jA 2 s c (x) + (^u T,a (x)CA\s b (x) S jA t 2 d c (x) 

* i =1 

+ (d T ’ c (x)CA[s b (x)')Aiu a (x) , 

2 

Je(x) = —e abc y j (s T ' a (x)C A\u b (x)]A l 2 s c (x), ( 2 . 2 ) 

1=1 

where a, b , c are color indices, C is the charge conjugation operator and A\ — /, Af — A\ — 
75, A 2 = /3. As previously said, the parameter f3 is an arbitrary auxiliary parameter, and 
[3 — —1 corresponds to the Ioffe current [13-16]. Considering the Lorentz covariance and 
parity invariance the correlation function can be decomposed as 

n(p) = Yi p ^ + n u ji + n s i + n \p p u v - p u u p )cr^, (2.3) 
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where the IVs and II' are the functions of the invariants p 2 and p ■ u with u being the four 
vector velocity of the nuclear medium. In the calculations, we will use the structures',^ and 
unit matrix / to construct the sum rules for the quantities under consideration. According 
to the method used, we calculate the aforesaid correlation function in two hadronic and 
OPE sides. Matching these two sides through a dispersion relation leads to the sum rules 
for the considered parameters. 


2.1 Hadronic representation 


The correlation function can be calculated by inserting complete sets of hyperon states 
with both parities and with the same quantum numbers as the interpolating currents. 
After performing integral over four-x, we get 

n «a, = _ ^0|J^(^)|g + (p-.s))(g + (p-,i»)|J„ t (0)l^) 

p* 2 — m* 2 + 

(HJ H Ax)\H-{p%s))(H-{p*,s)\J h -(OM 0 ) | 

p*2 _ m *2_ 

where \H + (p*, s)) and \H~(p*, s)) are the hyperon states with positive and negative parity, 
respectively and the dots represents the contributions of the higher states and the contin¬ 
uum. Here p* is the four momentum and m* H is the mass of the hyperon in medium. The 
matrix elements appearing in Eq. (2.4) can be parametrized as 



{^o\Jh+(x)\H + (p*,s)) = X * h +u h +(jp*,s), 

{M j h-{x)\H~(p*,s)) = X* H -^ 5 u H -(p*,s), (2.5) 


where A^+ and X* H _ are the modified residues or the coupling strengths of the positive and 
negative parity hyperons, respectively; uh+(p*,s ) and uh-{p*,s) are their Dirac spinors. 
Using Eq. (2.5) in Eq. (2.4) and summing over the spins of positive and negative parity 
hyperons, we get 


n 


Had 


X% + (f+m* H+ ) Ag.y-my) | 

p*2 _ m * 2 + p*2 _ m *2_ 


( 2 . 6 ) 


which can be written as 


n 


Had 


\ *2 
A H+ 


— m 


H+ 


\ *2 
a h- 


'* + m* H _ 

\ *2 
A H+ 


+ 


( Ph+ ~ Kh+) 7m - ( m H+ + S|+) 


X* 2 - 


(V 


H- 




) 7 m + ( m H- 


+ 


+ 


(2.7) 
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where E^ ± and E|) ± are the vector and the scalar self-energies of the positive and negative 
parity hyperons in nuclear matter, respectively [17]. In general, we can write 

E l uH ± = E + E ' vH ±p^ H ±, (2-8) 

where E„#± and E( //7± are constants and u M is the four velocity of the nuclear medium. 
Here, we neglect n' vH± due to its small contribution (see also [17]). Apart from the vacuum 
QCD calculations, the four-velocity of the nuclear matter is new concept that causes extra 
structures to the correlation function. We shall work in the rest frame of the hyperon with 
tA = (1,0). Substitution of Eq. (2.8) into Eq. (2.7), the hadronic side of the correlation 
function can be written in terms of three different structure as 


n = iCV.po) * + n rv,p„) i + n“V, P „)/ +.... 


(2.9) 


where po is the energy of the quasi-particle and 


n 


Had( ^ 2 
V 


(p ,Po) = 


n 


Had ( "2 


{p iPo) ~ + A#+ 


n 


Had f 2 


(P ,Po) = 


*2 ^ 

\ *2 
_ A H- 

1 

H+ 9 2 

P 2 ~ P H + 

> 2 - / 4 - 

*2 E H+u 

+ \* 2 - 

E H-u 

l if+ 9 o 

P 2 ~ P H + 

P 2 - Ph- 

*2 m H+ 

+ x*l 

m* H - 

H+ 9 2 

P 2 ~ P H + 

P 2 ~ P 2 h - 


( 2 . 10 ) 


Here m* H ± = m#± + E£- ± and p 2 H± = m*£ ± — E 2 H ± + 2p E± T, vH ±. After a Wick rotation and 
applying the Borel transformation with respect to p 2 , we get 


b n 


Had 


(p\p o) = \’ H 2 + e-<+ /u2 + Y H 2 -e-<- /Ml , 

(p 2 ,Po) = 

s (p 2 ,Po) = Ag + m^ + e - <‘»+ /M2 - 


^jjHadf^ 2 

sn 


u 

t Had 


( 2 . 11 ) 


where M 2 is the Borel mass parameter. 


2.2 OPE side 

The OPE side of the correlation function can be calculated in deep Euclidean region. It 
can also be written in terms of the considered structures as 

n OPE {p) = n° PE tf+n° PE i + n° s PE i + .... (2.12) 

Our main task in the following is to calculate the nf PE functions, where i =$,/i and /. 
Using the explicit forms of the interpolating currents in the correlation function in Eq. (2.1) 
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and contracting out all quark pairs via Wick’s theorem, we find 


ng PE (p) = |e„l,ce„w J d t xe^^\{[ lb ST'(x)Sf(x)S^(x) 1 , 

+ 7s Si\x)ST\x)S b /(xH + 7i S^(x) 7 ,Tr[sf( X )ST\x) 

+ 7s Sf (x) 75 Tr[sf (x)Sf'(x)]) + p( 7s Sf(x) 7s Sf(x)S?(x) 

+ TsSf (x) 75 S7'(x)Sf(x) + Sf (x)Sf'(x) 75 Sf (x) 7s 
+ Sf (x)S'r'(x) 75 SY(x) 75 + 7s Sf (x)7>[sf (x) 75 Sf'(x)‘ 

+ Sf(x) 75 r r [sf'(x)Sf'(x) 75 ] +TsSf(x)rr[sf(x) 7 S^'(x)' 

+ Sf (x) 75 r r [sf (x)Sf'(x) 75 ]) + /? 2 (sf (x) 75 Sf'(x) 75 Sf (x) 

+ Sf (xjTsSr'WTsSf (x) + Sf (x)r r [sf (x) 75 Sf(x) 75 ' 

+ Sf(x)Tr [sf'(x) 75 Sf'( x) 75 ] ) | |-0o), (2.13) 

ng PE (p) = -g£^wy<i 1 xe i >“(*|{(7 5 S5«'(x)Sf(x)Sf'(x)7 5 
+ 2 75 Sf (x)Sf(x)Sf (x)ts + 2 75 Sf (x)Sf' (x)Sf (x)ts 
+ 2 75 S?'(x)Sf'(x)Sf(x) 75 + 27 sSf(x)Sj“'(x)Sf(x) 7 s 
+ TsSf (x)Sr'(x)Sf (x)ts - 75 S“'(x) 75 Tr [sf'(x)Sf'(x)' 

- 4 75 Sf(x) 75 SY[s?'(x)Sf'(x)] - 7 sSf(x) 78 Tr[sf'(x)S?“'(x)]) 

+ /?( 7 sSf (x) 75 Sf'(x)Sf (x)+2 75 Sf(x) 75 S“px)Sf (x) 

+ 2 75 sr'(x) 75 sr'(x)sr(x)+2 75 sf(x) 75 sr'(x)sr'(x) 

+ 2 75 Sf (x) 7t .Sf'(x)Sf(x) + TsSf (x) 7 sSr'(x)Sf (x) 

+ Sf (x)Sf / (x) T5 Sf (x) 75 + 2Sf (x)Sf'(x) 75 Sf (x) 7s 
+ 2Sf (x)Sr'(x) 75 Sf (x) 75 + 2Sf (x)Sr'(x) 75 Sf (x) 7s 
+ 2 Sf (x)S?“'(x) 7 sSf (x) 7 i + Sf(x)Sr'(x) 75 Sf(x)7, 

- 7s Sf (x)Tr[sf (x) T5 Sf'(x)] - Sf (x) 75 Tr[sf (x)Sf'(x) 75 ' 

- 4 75 Sf(x)Tr[sf(x) 75 Sf'(x)] « 7 sSf(x)rr[sf(x) 7 sS?“'(x)' 

- 4Sf (x) 75 1Y[sf'(x)Sf (x)ts] - Sf (x) 75 Tr[sf (x)Sf'(x) 75 ]) 
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+ P 2 (sT'(xhsSf(xh s Sf(x) + 2Sf(x)^Sf(x) 1 r,Sf(x) 
+ 2S?\x) ls S'f(x) ls S b /(x))+2S?(x) ls ST\x) l! ,Slf(x) 
+ 2Sf (x) l5 ST\x) lb Sf (x) + S? (xhsS'r'(x)~,sS b /(x) 


Sf(x)Tr 

's b /(x) Ta Sf(x) % 

- 

- ASf(x)Tr 

's*(x)'y 6 sf(x)n 

S c /(x)Tr 

' s^'(xHS'f ixH 

} 

V’o), 



n S PE (p) = / d‘xe^lM\ ( - 7 5 Sf (x)S'“(x)Sf(x)K 


+ 75 ^“ ( 2 ) 7 5 Tr |S(" (x)S'“ (i)JJ (i) 7 5 S” (x)5“ (x) 

+ Sf(x)S^(xHSf(x)-n - 7s Sf(x)Tr[sf(x) 7s S^(x) 

- Sf(l)7 5 rr[sfWC'W75])+/J 2 (-Sf(l)7 5 Sr'(l)7 5 5r'W 


+ Sf (x)Tr S* (xHS'f (x) 7b 


fpo), 


(2.15) 


where S' = CS T C, S Ut d, s are light quarks propagators and TV[...] denotes the trace of 
gamma matrices. In coordinate-space, the light quark propagator at the nuclear medium 
has the following form in the fixed-point gauge [18]: 


Sf{x) = «'olU,f(:t)9 i (0)]W'o} m 

j sab 1 ,1 _ m Q xab ^ 

2ir 2 (x 2 ) 2 * Air 2 x 2 

+ X^x)x b ,(0)-^F A (0)t* A ^[^ + ^ + (2.16) 

where is the nuclear matter density, Xq and Xq are the Grassmann background quark 
holds and F^ u are classical background gluon helds (for details see [18]). 

The invariant Y\^ PE {jp) functions in the Borel scheme for each hyperon can be written in 
terms of the perturbative part and non-pertnrbative parts up to dimension six as following 


BIT ° PE (p) = BU Pert 


+ Bn 


TV on—pert 
i,D3 


+ Bn 


N on—pert 
i,DA 


+ Bn 


N on—pert 
i,D5 


+ Bn 


N on—pert 
i,D6 


(2.17) 


The perturbative parts for all structures and the considered hyperons are found as 

BU Pert = [5 + 2/3 + 5/3 2 ] f 0 so s 2 e~thds 1 

g n Pert _ 0 l for E, 

Bflf ert = — 5ibr(/5 - l)[3(/3 + l)(m u + m d ) + (/3 - 1 )m s \ f Q S0 s 2 e~^ds J 

(2.18) 
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Bn p p ert = - 20 ib [5 + 13(2 + 5/3)] f 0 so s 2 e~^ds 

Bn£ ert = o 

Bnf ert = — 153^4 (/? - 1)[(5/3 + 1 )(m u + m d ) + (11/3 + 13)m s ] f Q s ° s 2 e~^ds 


for A, 


(2.19) 


BH p Pert = -2oih[5 + /5(2 + 5/3)] f 0 So s 2 e~^ds 
BYl p a ert = 0 

Bnf er< = -5i^r(/3 - l)[(/3 - 1 )m u + 6(/3 + l)m s ] J 0 S ° s 2 e~^ds 


for H. 


( 2 . 20 ) 


rpi r ±.• -DTrATon—pert -o-nrATon—pert -o-nron—pert -ottA/ on—pert • i i , • 

I he tunctions Bll iD3 y ,Bll iD4 y , Bll- D5 y ,Bll im y m non-perturbative 

parts have very lengthy expressions. So, we only present the function for the 

structure $ and E particle, as an example. It is obtained as 


p-rrJV on—pert 

131i S,D3 


X 

X 

+ 

+ 


{dg s aGd) PN + (ug s aGu) PN _ 2 2 _ 2 {tfiD 0 iD 0 d) PN 

128? t 2 M 2 { P ) P 0 ) 4g7r 2 

jJ(3 + 2(1 + - 2(1 + f )pf\ + Ps,^Gd) m + {u<g,*Gu) f „ 


5767 t 2 M 2 

□2\/o„2 


Po(l + /A)(2p 2 - 3 M 2 ) + ro(3 + 2/3 + 3/3 2 )(2p§ - 3M 2 

(diDoiD Q d) PN + (uiDoiD Q u) PNjl _ n ^ 

8tT 2 M 2 ?■> 


48t r 2 M 2 
{uUD 0 iD 0 u) PN 
48tt 2 M 2 
i(d t iE)o(i)p JV + i(u t iDou)p Ar 


Po 

Po 


288tt 2 


M 2 (l + /3 ) 2 + 2pp(3 + 2/3 + 3/3 2 ) 

M 2 (3 + 2/3 + 3/3 2 ) — 2pg(l + /3 2 ) 

8 p 2 (l + /3 2 ) - (11 + 6/3 + 11/3 2 ) 


fSO 


e m 


■ds 


i(s ji iD 0 s) 


PN 


288tt 2 


(••SO 


8pq( 3 + 2/3 + 3/3 2 ) - (3 - 2/3 + 3/3 2 ) / e~M*ds 


+ 

+ 

+ 


,(dd) Pjv + (uu) 


0 


Pat 


647t 2 
(d ] d) PN + (M f n) pjv 
967T 2 


m s (—1 +/3 2 ) / e 


Po(l + /A 


-S 0 


e M^ds 


^|nPo(3 + 2/3 + 3/3 2 ) f e &ds , 


( 2 . 21 ) 


where So is the continuum threshold and we ignored to present the terms containing the up 
and down quark masses. Equating the hadronic and OPE sides of the correlation functions, 
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we get 


X% + e-»H+ /M2 + \%-e-<- /M2 = W° p PE } 

-X% + X uH +e~^+ /M2 M\ t?-E wff -e-^- /M2 = H ? PE , 




\*H+m* H+ e _M « + /m2 - A *£-m* H -e-^- /M2 = flf pp 


( 2 . 22 ) 


To find the eight unknowns \* H+ , \* H -, rn* H+ , rn* H _,T luH +,'E uH -, /i H + and Hh-, we need five 
more equations which are found by applying derivatives with respect to (—1/M 2 ) to both 
sides of Eq. (2.22). As a result, we get 


A H + n 2 H+ e 4+ /m2 + A H-H 2 H -e 
-X*^ + T, uH +^ 2 H + e ^ 1 h+/ m — X§_Y lvH -ix 2 H _e ^h- 
An+ rn H+ iJ 2 H +e ^+ /A/2 - 

\*M + ) 2e ~^ /M2 + A^ 2 -(^-) 2 e-^- 


/Af 2 


/Af 2 _ 


/M 2 


/Ar 2 


d(—1/M 2 ) ’ 

dn° PE 

d(-l/M 2 )’ 
dng PP 
d(—1/M 2 ) ’ 
d 2 n^ PP 


- 1 - d(_l/M 2 ) 2 ’ 

- A « + E „ H + (^ + ) 2 e -'‘« V ^_ Ag _ E„, f -(^-) 2 e -<- /M2 = ( 2 . 23 ) 

By solving the above eight equations simultaneously, we get the following in-medium sum 
rules for the parameters under consideration 

\ *2 _ — 2Q2Q3 + 2Q1Q2Q4 + Q1Q3Q7 — Q1Q8 + Qj_Q fi 2 + /M 2 

"* ~ [ 2 Q \ e " ’ 

x *2 _ ~ 2Q2Q3 + 2Q1Q2Q4 + QxQzQi — Q±Qs + QiQ „h 2 „_/m 2 

A rr— ~ 6 ^ , 

" [ 2Q j 

* 2Q2Q3Q& — 2QIQ4QS — Q3Q5Q7 + Q1Q5Q8 — Q5Q 

rrir, + = ------- , 

2Q2Q3 — 2Q1Q2Q4 — Q1Q3Q7 + QiQs — QiQ 

—2Q2Q3Q6 + 2Q1Q4QQ + Q3Q5Q7 — Q1Q5Q8 + Q5Q 

m u - = ------- . 

2Q2Q3 — 2Q1Q2Q4 — Q1Q3Q7 + QiQs — QiQ 




*2 

/%+ — 


d*H- = 


—2Q2Q4 + Q3Q7 + QiQs + Q 
2 (Ql — Q1Q7) 

QiQs — Q3Q7 + Q 
2(Q 1 Qa — Q2Q3 ) 

Q3Q7 — QiQs + Q 
2 (Q 2 Q 3 — Q1Q4) 


(2.24) 



where 


Qi = n° PE , g 2 = 


q 3 = n° PE , q 4 = 


Qi — 


q 5 = u° s pe } q 6 = 

d 2 U O pE 


dn° PE 

d(—l/M 2 ) ’ 
dn° PE 
d(-l/M 2 )’ 
dB° s PE 
d(-l/M 2 Y 

d 2 n° PE 


(2.25) 


d(-l/M 2 ) 2 ’^ 0 d(—1/M 2 ) 2 ’ 

and Q = sj(Q 3 Q 7 - QiQs) 2 + 4:(Q 2 Q 3 - - QaQi)- Here we shall remark that 

we choose the above roots for p*^± among four roots obtained from the calculations. 


3 Numerical results and discussion 

In this section, we numerically analyze the QCD sum rules for the residues, masses and 
self energies of S, A and S hyperons for both parities in nuclear matter. For this aim, the 
numerical values of the quark masses as well as the in-medium quark-quark, quark-gluon, 
gluon-gluon condensates are necessary inputs. Their numerical values are listed in table 
1. Besides, we need to find the working regions of three auxiliary parameters, namely 
continuum threshold So, Borel mass parameter M 2 and the arbitrary mixing parameter j3. 
The standard criteria for finding the reliable working regions for these helping parameters is 
that, the physical quantities show good stability with respect to these parameters in those 
regions. 

The continuum threshold So corresponds to the beginning of the continuum in the 
considered channels. — rrin is the energy that we need to excite the particle to its first 
excited state with the same quantum numbers. We take this value in the interval [0.3 — 
0.5] GeV. In this interval, the numerical results show weak dependency on the continuum 
threshold. To determine the working region for the Borel mass parameter M 2 , we take into 
account two criteria: suppression of the contributions of the higher states and the continuum 
compared to the pole contribution and the exceeding of the perturbative part to the non- 
perturbative contributions. More precisely, the upper bound on the Borel parameter is 
found by demanding that 

dsp p , u ,s(s)e~ s / M2 
dsp p ^s{s)e- s / M 2 
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where p P)U ,s(s) are the spectral densities corresponding to different structures in the channels 
under consideration. The lower bound on this parameter is obtained requiring that the 
perturbative contribution is more than the non-perturbative one and the term with highest 
dimension contributes less than 10% to the whole OPE, i.e. the series of sum rules converge. 
Note that to find the Borcl window we consider all the sum rules in Eqs. (2.22) and (2.23) 
and choose the one with relatively worst OPE convergence. Our numerical calculations show 
that the last sum rule in Eq. (2.23) has relatively worst OPE convergence but still satisfies 
the aforesaid criteria. We consider this sum rule and the above mentioned conditions to 
determine the “Borel Window “ at different channels. 

In the case of the mixing parameter (3, we try to End a f3 for each channel with a large 
residue/continuum ratio, showing that the relative contribution of the ground state pole to 
the sum rules is largest. Considering these criteria and using all input parameters, in the 
following, we perform our numerical analyses for the hyperons under consideration. 

3.1 E hyper on 

The aforementioned criteria for determination of the working region for the Borel mass 
parameter lead to the region 1.3 GeV 2 % M 2 ^ 1.9 GeV 2 for the E hyperon. From the 
previously said considerations for the fixing of the mixing parameter (3, we find that for 
cos6 = —0.76, where 6 = fan _1 (/3), the relative contribution of the ground state pole 
residue is largest for the E hyperon. Using these values, we plot the dependence of the 
residues, masses and vector self-energies of the positive and negative parity E particle on 
the Borel mass parameter in figures 1-3. These figures demonstrate good stabilities with 
respect to M 2 and show weak dependence on the continuum threshold s o at their working 
regions. Obtained from the figures 1-3, the average values of the residues, masses and vector 
self-energies of the positive and negative parity E hyperons are depicted in table 2. Taking 
Pn — t 0 in the OPE side, we can also calculate the numerical values of the residues and 
masses in vacuum. The ratios of the residues and masses in nuclear matter to those of the 
vacuum together with the ratios of the self-energies to the vacuum masses are listed in table 
3. In this table, we also present the predictions existing in the literature for the positive 
parity baryon. A quick glance in this table shows that, there are considerable shifts in the 
parameters under consideration in nuclear matter compared to their vacuum values for both 
parities in E channel. The shift on the residue of positive parity is negative but it is positive 
for the negative parity state. The shifts are negative for the masses of both parities. The 
obtained result for the ratio of the masses for the positive parity state in the present work 
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Input parameters 

Values 

Po 

m H 

m u ; m d ; m s 

2.3^0.5 MeV ; 4.83°£ 3 MeV ; 95 ± 5 MeV [19] 

m s +;m s - 

1192.642 ± 0.024 MeV ; « 1620 MeV [19] 

m A +;m A - 

1115.683 ± 0.006 MeV ; 1405.13^. 0 MeV [19] 

772 .=+; m=- 

1314.86 ± 0.2 MeV[ 19] ; 1.8 GeV [20] 

Pn 

(0.11) 3 GeV 3 [18,21,22] 

(tfq) P N ; ( s ' s )pn 

| Pn ; 0 [18,21-23] 

o 

o 

(-0.241) 3 GeV 3 ; 0.8 (qq) 0 [24] 

m q 

0.5 (m u + m d ) [18,21,22] 

&n ; °ivo 

0.045 GeV ; 0.035 GeV [18,21,22] 

y 

0.04 ± 0.02 [25]; 0.066 ± 0.011 ± 0.002 [26] 

{m)pn ; (^) PN 

<99>o + ; (ss)o + vSr q p N [is, 21-23,27] 

(q ] g s (?Gq) PN ; (s^g s aGs) PN 

-0.33 GeV 2 p N ; —7/0.33 GeV 2 p N [18, 21-23, 27] 

(q ] iD 0 q) PN ; ( sUD 0 s) Pn 

0.18 GeV pn + 0 .02 GeVp N [18,21 23,27] 

{qtD 0 q) PN ; ( siD 0 s) PN 

| m q p N ~ 0 ; 0 [18, 21-23, 27] 

ml 

0.8 GeV 2 [24] 

{qg s aGq) 0 ; ( sg s aGs) 0 

™>o(qq) o ; rnl(ss) 0 

{qg s eGq) PN ](sg s aGs) PN 

( qg s aGq) 0 + 3 GeV 2 p N ; ( sg s aGs} 0 + 3 y GeV 2 p N [l8, 21-23, 27] 

(qiD 0 iD 0 q) PN ;(siD 0 iD 0 s) PN 

0.3 GeV 2 p N - | (qg s aGq) PN ; 

0.3 y GeV 2 p N - \(sg s aGs) PN [18,21-23,27] 

(< q ] iD 0 iD 0 q) PN ^iDoiDos) PN 

0.031 GeV 2 p N - jz(q ] g s crGq) PN ; 

0.031// GeV 2 p N - ±(s^g s aGs) PN [18,21-23,27] 

(fG 2 ) o 

(0.33 ± 0.04) 4 GeV 4 [24] 


(fG 2 ) 0 -0.65 GeVp N [18,21,22] 


Table 1: Numerical values for input parameters. We use the average value y = 0.05 to 
perform the numerical analyses. 


is close to those of [7,18] within the errors. For the E l/S +/ms+, our result shows a small 
difference with those of [7,18]. This can be attributed to the different interpolating currents 
used in these works and the fact that, we take into accounts both the positive and negative 
parity baryons. When we compare the results of parameters of the positive and negative 
parity cases, we see that the absolute value of the shift in the residue of the negative parity 
is considerably more than that of the positive parity E. Meanwhile, the absolute value of 
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the shift on the mass for the negative parity is also higher than that of the positive parity. 
The ratio £„ s +/m s + is roughly 1.8 times more than the ratio £„ s -/mj-. Using the relation 
rn^ = ms + £|, we find the scalar self energy of the positive and the negative parity £ to 
be —0.324 GeV and —0.748 GeV, respectively. Our results for remaining parameters may 
be checked by other phenomenological approaches as well as the future experiments. 


A^ + [GeV 3 ] 

[GeV 3 ] 

rri^+ [GeV] 

77iv- [GeV] 

£,s+ [GeV] 

£„s- [GeV] 

0.013 ±0.003 

0.027 ±0.006 

0.924 ±0.330 

0.779 ±0.287 

0.350 ±0.035 

0.228 ±0.023 


Table 2: The numerical values of residues, masses and self energies of £ hyperon with 
positive and negative parities. 



A^ + /A s + 

As-/A s - 

m^+/m^+ 


£l/E + /^e+ 

^uT,-/ rn 'T,~ 

Present work 

0.94 ±0.22 

1.47 ±0.27 

0.74 ±0.14 

0.51 ±0.09 

0.28 ±0.06 

0.15 ±0.03 

[7,18] 



0.78-0.85 


0.18-0.19 



Table 3: The ration of parameters for £ hyperon. 


At the end of this part, we would like to compare our results for the positive parity £ 
baryon with those of nucleon [5]. In the case of mass, the shift is negative for both the £ 
baryon and nucleon, although the value of shift in the case of £ is 5% less than the nucleon. 
As far as, the residue of the positive parity of the £ hyperon is concerned, the shift is —6% 


while it is 

— 10% for the nucleon [5]. 

0 10 



Cosfl=-0.76 


Cos0=-O.76 

0.020 


0.08 





s 0 =1.9 z GeV 2 - 

0.015 

a> 


0.06 

a> 

s 0 =2.0 z GeV 2 — 

0 


0 

s 0 =2.1 z GeV 2 - 

,U 0.010 


«w 0.04 

'n 


0.005 

s q = 1 . 6 2 GeV z 

0.02 



s 0 =1.7 z GeV 2 - 



0.000 


0.00 



1.3 1.4 1.5 1.6 1.7 1.8 1.9 1.3 1.4 1.5 1.6 1.7 1.8 1.9 

M 2 [GeV 2 ] M 2 [GeV 2 ] 

Figure 1: The residue of the positive parity £ hyperon versus M 2 in nuclear matter (left 
panel). The same for negative parity £ hyperon (right panel). 
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Figure 2: The mass of the positive parity E hyperon versus M 2 in nuclear matter (left 
panel). The same for negative parity E hyperon (right panel). 




M 2 [GeV 2 ] 


1.3 1.4 1.5 1.6 1.7 

M 2 [GeV 2 ] 


1.8 


1.9 


Figure 3: The self-energy of the positive parity E hyperon versus M 2 in nuclear matter 
(left panel). The same for negative parity E hyperon (right panel). 


3.2 A hyperon 

For the A hyperon, the interval of the Borel mass squared parameter is the same with 
E hyperon, i.e. 1.2 GeV 2 ^ M 2 ^ 1.8 GeV 2 . For this channel we find cosO = —0.40 
demanding that the ratio residue/continuum is largest. By considering these values, we 
depict the dependence of the residues, masses and vector self-energies of the positive and 
negative parity A particle on the Borel mass parameter in figures 4-6. As expectedly, the 
behavior is similar to the E particle and we see good stabilities with respect to M 2 and 
the continuum threshold s 0 at their working regions. The numerical results gained from 
the figures 4-6 for the average values of the residues, masses and vector self-energies of the 
positive and negative A hyperon are presented in table 4. The ratios of the residues and 
masses in nuclear matter to those of the vacuum together with the ratios of the self-energies 
to the vacuum masses are listed in table 5. In this table, we also depict the predictions 
existing in the literature for the positive parity baryon. Similar to E channel results, this 
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table shows that there are considerable shifts in the parameters under consideration in 
nuclear matter compared to their vacuum values for both parities in A channel. The shift 
on the residues are positive while those are negative for the masses. The obtained result for 
the ratio of the masses for the positive parity baryon in the present work is close to that of 
[18] within the errors. In the comparison of the positive and negative parity parameters, the 
results show that the shifts in the residue and mass of the negative parity are considerably 
more than those of the positive parity A. When we compare the ratio T, u \+ /m\+ to the ratio 
E„a-/?JIa we find roughly 1.36 times differences. And finally, using the relation between 
the modified mass rn\ and the vacuum mass we can easily find the scalar self energy of 
the positive and the negative parity A to be —0.102 GeV and —0.351 GeV, respectively. Our 
results for the remaining parameters can be verified by other phenomenological approaches 
as well as the future experiments. 


A;+ [GeV 3 ] 

AV [GeV 3 ] 

m* A+ [GeV] 

m* A [GeV] 

±a [GeV] 

[GeV] 

0.024 ±0.007 

0.038 ±0.008 

1.022 ±0.318 

1.053 ±0.158 

0.193 ±0.015 

0.151 ±0.052 


Table 4: The numerical values of residues, masses and self energies of the A hyperon with 
positive and negative parities. 



-\,\+ / Aa+ 

Aa-/A a - 

m* A+ /m A + 

>* 

1 

> 

1 

^uA+ / m A+ 

SyA- / m A~ 

Present work 

1.87 ±0.36 

2.93 ±0.53 

0.91 ±0.17 

0.75 ±0.13 

0.17 ±0.04 

0.11 ±0.02 

[18] 



0.85-0.94 





Table 5: The ratio of parameters for the A hyperon. 


0.035 

0.030 

0.025 

> 0.020 

0 ) 

o 

“ 0.015 
0.010 
0.005 


0.0001 — 
1.2 


Cos0=-O.4O 


s 0 =1.4 GeV - 

s 0 =1.5 2 GeV 2 — 
s 0 =1.6 2 GeV 2 - 


1.3 1.4 1.5 1.6 

M 2 [GeV 2 ] 



1.7 1.8 


1.2 1.3 1.4 1.5 1.6 

M 2 [GeV 2 ] 


1.7 


1.8 


Figure 4: The residue of the positive parity A hyperon versus M 2 in nuclear matter (left 
panel). The same for negative parity A hyperon (right panel). 
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Figure 5: The mass of the positive parity A hyperon versus M 2 in nuclear matter (left 
panel). The same for negative parity A hyperon (right panel). 




1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.2 1.3 1.4 1.5 1.6 1.7 1.8 

M 2 [GeV 2 ] M 2 [GeV 2 ] 

Figure 6: The self-energy of the positive parity A hyperon versus M 2 in nuclear matter (left 
panel). The same for negative parity A hyperon (right panel). 

3.3 S hyperon 

In the 5 hyperon channel, the interval 1.5 GeV 2 ^ M 2 ^ 2.2 GeV 2 is chosen as the 
optimum region for the Borel mass squared parameter. We also find cosd = —0.43 for this 
channel in order to get highest residue/continuum ratio. We show the dependence of the 
residues, masses and vector self-energies of the positive and negative parity H particle on 
the Borel mass parameter in figures 7-9. The numerical results acquired from these figures 
for the average values of the residues, masses and vector self-energies of the positive and 
negative parity 5 hyperon are presented in table 6. The ratio of residues and masses in 
nuclear matter to those of the vacuum together with the ratio of self-energies to the vacuum 
masses are also demonstrated in table 7. With a quick look on this table, we obtained that 
there are also considerable shifts in the parameters under consideration in nuclear matter 
compared to their vacuum values for both parities in S channel. The shift on the residues 
are again positive while those are negative for the masses. When we compare the results of 
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parameters of the positive and negative parity cases, we see that the shifts in the residue 
and mass of the negative parity are considerably more than those of the positive parity 5. 
With the help of the relation between mi and , it can be easily obtained that the scalar 
self energies of the positive and the negative parity 5 are —0.116 GeV and —0.504 GeV, 
respectively. Our results on this channel also can be be tested via other approaches and 
experiments. 


A* + [GeV 3 ] 

A| [GeV 3 ] 

mt + [GeV] 

m~ [GeV] 

E„ s + [GeV] 

£„e- [GeV] 

0.034 ± 0.009 

0.065 ±0.001 

1.179 ±0.351 

1.124 ±0.330 

0.086 ±0.026 

0.044 ±0.014 


Table 6: The numerical values of the residues, masses and self energies of S hyperon with 
positive and negative parities. 



A| + /A h+ 

As-/A=- 

mt + /ms+ 

1 

[I] 

1 

* [I] 

E I/S +/m s + 

E vS -/m s - 

Present work 

2.05 ±0.37 

2.83 ± 0.49 

0.91 ±0.18 

0.69 ±0.12 

0.07 ±0.01 

0.03 ±0.00 


Table 7: The ratio of parameters for the H hyperon. 


0.04 

0.03 

0.02 

0.01 


0.00 
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1.6 
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1.8 1.9 
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2.2 


Figure 7: The residue of the positive parity S hyperon versus M 2 in nuclear matter (left 
panel). The same for negative parity S hyperon (right panel). 


4 Concluding remarks 

We investigated the effects of nuclear medium on the residues, masses and self-energies 
of the positive and negative parity E, A and 5 hyperons in the framework of the QCD 
sum rule method. We used the general interpolating currents of these baryons with an 
arbitrary mixing parameter to calculate the shifts in the masses and residues of these 
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Figure 8: The mass of the positive parity 5 hyperon versus M 2 in nuclear matter (left 
panel). The same for negative parity 5 hyperon (right panel). 



Figure 9: The self-energy of the positive parity 5 hyperon versus M 2 in nuclear matter (left 
panel). The same for negative parity 5 hyperon (right panel). 

hyperons for both the positive and negative parity states in nuclear medium compared to 
their vacuum values. We also obtained the values of the vector and scalar self-energies for 
these baryons considering the reliable working regions of the auxiliary parameters entering 
the calculations. We observed that the shifts on the residues in nuclear matter are over all 
positive for both the positive and negative parity hyperons, except for the positive parity 
E hyperon that it is negative. The shifts on the masses of these baryons are obtained to 
be negative. It is found that the shifts on the residues and the masses corresponding to 
the negative parity particles are considerably large compared to those of the positive parity 
states. The maximum shift belong to the value of the residue of the negative parity A 
baryon. In the case of vector self-energy, the energy gained by the positive parity baryons 
are large in comparison with those of negative parity vector self-energy. The maximum 
value of the vector self-energy corresponds to the positive parity E hyperon. In the case of 
absolute value of the scalar self-energy, we found that the maximum and minimum values 
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belong to the negative parity E and the positive parity A hyperons, respectively. Our results 
can be checked via different phenomenological approaches as well as the future experiments. 
The obtained results can also be used in analyses of the heavy ion collision experiments. 
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